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HEWSON 16 originally observed that vene-
section was associated with significant al-
terations in the coagulation mechanism.
These observations have been repeatedly
confirmed, and it is now generally accepted
on the basis of experimental evidence that
hemorrhage is followed by a biphasic
change in the clotting time.35 39,41 Initially
the bleeding induces an acceleration in
clotting, but as shock is produced, a state
of hypocoagulability results."3 35, 39, 41
Hardaway 13 has pointed out that hemor-

rhage per se does not lead to the develop-
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ment of the hypocoagulable state. How-
ever, stagnant blood flow and a state of hy-
percoagulability prepare the experimental
animal for the development of dissemi-
nated intravascular coagulation wvhich can
be triggered by a variety of stimuli. The
coagulation factors may then be consumed
in the resulting diffuse response.31 There
are two potential consequences for the pa-
tient: the hemorrhage continues because of
the depression in clotting factors or irrever-
sible shock or both may be produced by
obstructed capillary flow to vital organs."3
Most studies of coagulation have dealt

with patients who have already developed
hemorrhagic diatheses.'0'21,40,43 The pres-
ent studies represent a survey of the effects
of wounding and resuscitation on the co-
agulation parameters of young, well-condi-
tioned soldiers in Vietnam.
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456 SIMMONS AND OTHERS

Methods

All studies were performed by the U. S.
Army Surgical Research Team in Vietnam
during two periods: April to October 1966
and June 1967 to January 1968. The pa-

tients were 240 American or South Viet-
namese soldiers who had sustained missile
wounds; patients with burns or head inju-
ries have been excluded. All patients were

first studied immediately after helicopter
evacuation to the hospital, usually within
an hour or two of wounding; no therapy
had been given except for emergency dress-
ings and the administration of morphine in
some cases. The patients selected for study
represent those who appeared to be the
most severely wounded.

Fifty-seven of these casualties were fol-
lowed during resuscitation and operation.
Blood was drawn after every three or four
units of transfused blood. No patient stud-
ied had received any plasma expander
other than blood, Ringer's lactate solution,
normal saline, or 5%o dextrose in distilled
water.

In order to determine the dilutional ef-
fect of bank blood on the coagulation pa-

rameters of transfused patients, samples
were drawn from the intravenous tubing of
72 units of blood during transfusion. All
the bank blood had been stored (10-21
days) and transported into Fenwal plastic
bags containing 67.5 ml. NIH solution A
(2.45 Gm. dextrose, 0.8 Gm. citric acid, and
2.2 Gm. sodium citrate/100 ml.). The blood
was drawn just prior to reaching the pa-

tient, after having passed through the
standard infusion filter.
One hundred and twenty patients of the

initial 240 were studied for at least 3 days
following resuscitation and operation. In 80
of the 120 patients coagulation studies were

performed three times daily at 8-12 hour
intervals.

Clotting Determinations. Fibrinogen
was measured by heat dissolving the pre-

cipitate of sodium sulfite and EDTA
plasma in sodium hydroxide, reacting with
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biuret reagent, and reading at 545 m,u.7 15
Prothrombin time (PT) was measured by
the usual one stage method of Quick.29
The activated partial thromboplastin time
(PTT) was measured at 370 C. using
Kaolin-activated platelin, citrated plasma,
and calcium.24 The recalcification time was
performed using citrated platelet ricb
plasma and calcium.4 The fibrinolysin assay
measured the lysis of serially diluted
plasma clots, and is reported as the. num-
ber of tubes showing complete lysis (1-6
plus).9 Platelet counts were performed by
the standard method of Brecker and
Cronkite6

Arterial pH, Pco2, Po2, and blood lactate
measurements were performed on admis-
sion and at least daily in all patients by
methods previously described.34 Blood vol-
umes were deterrnined in some patients
during the post-resuscitative period using
simultaneous 51Cr tagged autogenous red
blood cells and 125I tagged albumin as
tracers.34

Shock has been arbitrarily defined as a
systolic blood pressure of 60 mm. Hg or
less, an arterial lactate content of 20 mg.
/100 ml. or more, or an arterial pH less
than 7.3.

Results
Normal Values. The mean prothrombin

time (PT) of 147 apparently normal pa-
tients and personnel was 12.7 ± 0.67 (SD)
seconds. The mean activated partial throm-
boplastin time (PTT) of 210 similar sub-
jects was 47.95 + 5.22 seconds. Forty nor-
mal control volunteers were studied with
respect to fibrinogen, recalcification time
(RCT), platelet count, or fibrinolysin de-
terminations. The ranges found have been
accepted as normal in our laboratories and
are noted in Table 1.

Part I. Acute Coagulation Changes after
Wounding

Table 1 shows the range of values found
in 240 soldiers who were wounded less than
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TABLE 1. Coagulation Parameters in Combat Casualties

Test and Number
of Patients

Number of Patients with Values Listed
Normal Range

Prothrombin Time (sec)
240

Partial Thromboplastin
Time (sec)
239

Recalcification Time (sec)
110

Platelets (/mm3)
99

Fibrinogen (mg./100 ml.)
141

Fibrinolysin
62

<10 10-11.9
0 31

<25 25-34.9
1 43

<80
28

< 150,000
7

<200 200-249
11 11

12.0-16.0
192

35-60
179

80-180
78

150,000-450,000
91

250-450
82

0-2+
15

16.1-18.0 18.1-20 >20
12 6 0

60.1-69.9 70.0-80 >80
11 1 1

>180
4

>450,000
1

450-500
15

3-4+
29

501-600
17

5-6+
20

>600
6

TABLE 2. Correlation of Coagulation Factors with Each Other

Number of Patients with Values Listed

PT (sec) RCT (sec)

PTT (sec) <12 12-16 >16 <80 80-180 >180

<35 9 31 1 11 9 0
35-60 19 156 10 17 63 3
>60 1 6 7 0 6 2

p <0.01 p <0.01

2 hours before being admitted to the hos-
pital. Note that in all parameters the values
range beyond normal limits in both direc-
tions. In particular, there are many pa-

tients with very short prothrombin times,
partial thromboplastin times, and high
fibrinogen levels, but there are fewer pa-
tients with high platelet counts. Therefore,
the 'hypercoagulability" which follows in-
jury does not extend to all factors involved
in the coagulation process. It is also strik-
ing that fibrinolysin levels are high in a

large majority of patients studied. Fibrino-
gen levels and platelet counts were occa-

sionally depressed, and a few patients had
significant prolongations of the prothrom-
bin, partial thromboplastin, or recalcifica-
tion times.

Cross Correlation of Coagulation Pa-
rameters. Table 2 represents the correlation

of the six coagulation parameters with each
other. From the results we attempted to
determine if the factors measured vary in-
dependently or whether mass changes in
coagulation factors are coincidental with
injury and hemorrhage. Only parameters
with significant mutual correlations are

shown. There was no correlation, either di-
rect or inverse, between platelets, fibrino-
gen, or fibrinolysin in any combination, i.e.,

fibrinogen was not depressed when fibrino-
lysin was elevated, and platelet counts and
fibrinogen levels were not simultaneously
depressed in a significant number of pa-

tients. In contrast, prothrombin time and
partial thromboplastin times correlated
with one another (p <0.01), but neither
measurement could be correlated with
platelet count, fibrinogen or fibrinolysin
values. Correlation of PTT with RCT val-
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ues was excellent, but no correlation oc-
curred between the RCT and the platelet
counts. Since the RCT value merely mea-
sures the PTT in the presence of endoge-
nous platelet thromboplastin, and the
platelets of our patients were seldom low
enough to influence the RCT, no further
consideration will be given to the RCT
value.

Effect of Wound Location on Coagula-
tion Parameters. Table 3 lists the coagula-
tion changes which occurred in association
with missile wounds of various body sites.
Most patients received multiple wounds of
multiple sites; consequently, only the major
wound site is listed. Chi square analysis
revealed that there was no correlation of
coagulation changes with the site of the
major wound in these patients.

Effect of Hypoxemia on Coagulation
Parameters. A large number of patients
were moderately hypoxemic on admission 33
(arterial Po2 less than 80 mm. Hg). Al-
though most of these patients had wounds
in the chest, a number of patients with ex-
tremity wounds presumably associated with
fat embolism 8,33 also were hypoxemic on
admission. Table 4 correlates the degree of
hypoxemia with coagulation abnormalities
on admission. Only prolonged PT values
could be correlated with low arterial oxy-
gen tensions (p < 0.05).

Effect of Shock on Coagulation Pa-
rameters. Arterial blood pressure, arterial
lactate, and pH were determined on ad-
mission as indicators of the degree of shock
or tissue hypoperfusion and pH. Although
these indicators do not correlate perfectly
with one another, taken together they form
a good basis for determining the degree of
injury and perfusion of body tissues after
wounding. Table 5 demonstrates relation-
ships between the systolic blood pressure,
arterial lactate, and the arterial pH and
the coagulation factors measured. Two
facts are clear from this table. All the pa-
rameters of shock are correlated with pro-
longed PT and PTT values but not with
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low platelets or low fibrinogen values. Sec-
ondly, high fibrinolysin titers are present
primarily in patients without hypotension,
lactatemia, or acidosis.
Although shock is associated with abnor-

malities of the prothrombin and partial
thromboplastin times following wounding,
this response was not uniform. Abnormali-
ties were mild in degree and infrequent in
occurrence. For example, of 10 patients
who had arterial lactate levels greater than
20 mg./100 ml., arterial pH lower than 7.3,
and arterial blood pressures less than 80
on admission, only six had any coagulation
abnormalities. All coagulation measure-
ments were abnormal in only one patient.
Conversely, a large number of patients had
PT and PTT values which were clearly
shorter than normal. Most of these patients
were not in shock, although "hypercoagu-
lable" values are found even in patients
with acidosis, hypotension, and lactatemia.

Effect of Coagulation Disorders on
Bleeding. Four patients who ultimately
bled to death during resuscitation were
studied on admission. Table 7 demonstrates
the relationship between coagulation de-
fects found on admission with blood trans-
fusion requirements during resuscitation
and initial operation. Despite the fact that
the PT and PTT were correlated with the
degree of shock on admission, there is no
statistical correlation between these values
and the amount of blood required. In con-
trast, although platelet counts could not be
correlated with the severity of the wound,
low platelet counts were significantly re-
lated to the volume of blood required for
resuscitation.

RS IN COMBAT CASUALTIES
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Discussion: Part I
A number of investigators have dem-

onstrated that experimental hemorrhagic
shock is associated with an increased co-
agulability of the blood.l, 35, 39, 41 The ini-
tial hypercoagulable phase may be a re-
sponse to the release of endogenous cate-
cholamines.18 If shock is uncorrected? how-
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TABLE 5. Effect of Shock on Coagulation Parameters

No. of Patients with Systolic No. of Patients with No. of Patients
Blood Pressures Arterial Lactate with Arterial
(mm. Hg) of (mg./100 ml.) pH of

Coagulation Parameter <60 60-90 >90 <20 >20 <7.3 >7.3

< 12 0 6 19 19 4 1 24
PT (sec.) 12-16 20 34 122 p<0.05 117 44 p<0.01 19 164 p>0.05

> 16 4 5 6 6 9 4 15

<35 5 6 29 29 4 0 40
PTT (sec.) 35-60 15 36 114 p<O.05 109 47 p<O.O1 20 153 p<O.05

>60 4 3 6 4 9 4 12

< 150,000 2 0 3 2 3 3 18
Platelets 150-400,000 14 20 43 p>0.05 50 24 p>0.05 7 51 p>0.05

(/mm.3) > 400,000 0 2 0 0 0 0 5

<250 4 5 10 11 6 4 12
Fibrinogen 250-450 10 17 52 p>0.05 46 24 p>0.05 10 64 p>0.05

(mg./ > 450 2 3 30 26 14 3 35
100 mI.)

0-2+ 2 2 9 13 1 1 14
Fibrinolysin 3-4+ 3 6 14 p>0.05 13 4 p>0.05 2 22 p>0.5

5-6+ 1 3 11 8 0 1 11

TABLE 6. Initial Coagulation Parameters of
Patients Who Exsanguinated

Fibrin- Fibri-
Patient PT PTT Platelet ogen nolysin

102 18.2 66.5 144,000 275 6+
162 14.9 61.0 170,000 260 6+
185 14.7 37.1 214,000 - -
225 14.4 42.7 155,000 355 -

ever, the stage of hypercoagulability is fol-
lowed by a second phase in which clotting
times are prolonged.'3' 30, 35, 39, 41 This stage
is associated with depletion of a number
of clotting factors, release of endogenous
anticoagulants, and secondary activation of
fibrinolysin.13 These effects can be experi-
mentally reproduced by injection of a num-

ber of thrombogenic substances into the
blood stream.13 The fact that capillary
thrombi can be found both following pro-

duction of hemorrhagic shock and injection
of thrombogenic materials suggested that
the mechanism of the late coagulation dis-
order in hemorrhagic shock involved con-

sumption of coagulation factors by wide-
spread intravascular coagulation.13
Hardaway demonstrated that the pro-

duction of disseminated intravascular co-

agulation depends on the presence both of
stagnant capillary flow and a stimulus to
clotting of the blood.13 The combat casu-

alty may manifest both the stagnant flow
plus acidosis, hemolysis, necrotic tissue,
and particulate matter in the blood-all of
which will precipitate clotting. Thus, co-

agulation changes in these patients are con-

sistent with those seen in the experimental
animal. Patients with moderate wounds,
without hypotension, acidosis, or lactatemia
usually have normal PT, PTT, platelet
counts, and fibrinogen levels. In some, the
PT and PTT are shortened and the fibrino-
gen levels are increased confirming a 'hy-
percoagulable state" in the absence of
shock. Fibrinolysin levels seem to be ele-
vated in many patients regardless of the
state of shock. Patients with hypotension,
acidosis, or lactatemia are more likely to
manifest prolongations of PT and PTT sug-

460
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TA.BLE 7. RdZationship of Coagulation Abnormalities on Admission

to Required Transfusions

Transfusion Volume Required

<4,000 ml. 4,000-8,000 ml. >8,000 ml.

<12 20 3 1
PT (sec.) 12-16 145 21 2 p > 0.05

> 16 10 4 4

<35 31 5 2
PTT (sec.) 35-60 133 29 13 p > 0.05

>60 8 3 2

< 150,000 2 4 2
Platelets 150-400,000 61 10 8 p < 0.05

>400,000 1 0 0

<250 14 5 1
Fibrinogen 250-450 60 10 9 p > 0.05

(mg./100 ml.) >450 30 5 1

0-2 9 2 1
Fibrinolysin 3-4 18 4 3 p > 0.05

5-6 10 1 3

gesting that there is some depletion of the
coagulation factors required for both the
first and second stages of clotting. How-
ever, in these patients there is no evidence
that fibrinogen or platelets are consumed
with the process which prolongs the PT
and PTT. The fibrinogen assay technic uti-
lized in our laboratory unfortunately has
been shown to measure non-coagulable
protein (which may represent fibrinogen
breakdown products) as well as the clot-
table fibrinogen itself.27 This might explain
the failure of the fibrinolysin titer to corre-
late with a decreased fibrinogen level. In
addition, both fibrinogen and platelets are
stored extravascularly and can be rapidly
released.13, 43 The mild degrees of prolonga-
tion of PT or PTT might be expected to
correlate with significant decreases in this
reserve.
A primary activation of the fibrinolytic

system could account for some of the co-
agulation defects since fibrinolysis can de-
stroy a number of coagulation factors in
addition to fibrinogen. Fibrinolysin and
other proteolytic enzymes can be activated
by stimuli such as fear, anxiety, exercise,

and the infusion of adrenaline.5 Fibrinolytic
activity was high in most of these patients,
however, and was not increased by the
presence of shock. It is also unlikely that
dilutional factors due to transcapillary refill
of the depleted vascular spaces could be
responsible for such a rapid fall in coagu-
lation factors.
The results suggest that disseminated in-

travascular coagulation has been initiated
in the most severely wounded combat casu-
alties. The process is not far advanced at
the time when even the most severely
wounded patient is seen, however. Also, no
hemorrhagic diathesis was encountered. In
fact, no correlation between the amount of
required blood and the preoperative PT or
PTT occurred, although such a relationship
did exist between platelet counts and the
volumes of blood necessary. Since consid-
erable blood loss occurs during debride-
ment of soft tissue wounds, a platelet count
greater than 150,000 may be essential to
minimize this loss. Other data certainly
suggest that a platelet cdunt of less than
120,000 is associated with significantly
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TABLE 8. Eject of Storage on Coagulation Parameters in Bank Blood

Coagulation Parameters
(mean S.D.)

Storage Time PT PTT Fibrinogen
(days) (sec.) (sec.) (mg./100 ml.)

11-13 17.0 i 1.4 72.3 i 17.8 497 -4 84
14-16 15.9 i 2.7 61.5 i 13.4 426 4 88
17-19 17.3 4 2.4 70.0 4- 13.4 412 4 84
20-22 19.1 4- 3.5 67.6 4 21.0 419 i4 82

Normal range 12-16 sec. 35-60 sec. 250-450 mg./100 ml.

greater hemorrhage if bleeding has been
induced by a surgical procedure.42
Hardaway also suggested that dissemi-

nated intravascular coagulation may lead
to irreversible obstruction of the capillary
beds of those viscera necessary for life.13
In this way, disseminated intravascular co-

agulation becomes a precursor of irrever-
sible shock. None of the studied patients
died prior to receiving a number of trans-
fusions. Only four patients bled to death
during operation, and none had pronounced
coagulation disorders initially.

It should be emphasized that older de-
bilitated patients, particularly those with
preexisting liver disease or coagulation de-
fects, may manifest more severe coagula-
tion disorders under similar conditions. In
civilian injuries, evacuation and resuscita-
tion procedures are not as rapidly insti-
tuted as in the combat zone. Such patients
may remain in shock for prolonged periods
of time and develop more extensive intra-
vascular clotting. This may contribute to
both uncontrolled clinical bleeding and ir-
reversibility of shock.

Summary: Part I

1. A number of coagulation parameters
were studied in acutely wounded combat
casualties on arrival at the hospital and
prior to administration of any intravenous
therapy.

2. Fibrinolysini levels were higher than
normal but platelet counts and fibrinogen
levels were not consistently abnormal.

3. The prothrombin (PT) and partial
thromboplastin times (PTT) could be sta-
tistically correlated with the degree of hy-
potension, acidosis, and lactatemia. Mildly
to moderately wounded patients had nor-

mal or shortened PT and PTT. Severely
wounded patients in shock had normal or

prolonged PT and PTT.
4. The findings are consistent with ex-

perimental observations that trauma and
shock produce an initial phase of hyper-
coagulability followed by a return to nor-

mal and a phase of hypocoagulability. The
hypocoagulable phase seems best explained
by the onset of disseminated intravascular
coagulation precipitated by hemolysis, the
release of tissue thromboplastin, acidosis,
and the state of hypoperfusion seen in pa-

tients in hypovolemic and traumatic shock.
5. The severity of the coagulation defect

in these young men is mild. The effect of
similar qualitative changes in more debili-
tated civilian casualties is discussed.

Part II. Effects of Massive Transfusion
on Coagulation Disorders

The Effect of Storage and Transport on

Coagulation Parameters in Bank Blood.
Table 7 illustrates the PT, PTT, and fibrino-
gen values for 72 units of stored bank blood
with respect to the age of the blood. All
blood utilized was more than 10 days old
because of the delay in transport. Coagula-
tion parameters vary considerably in this
bank blood. Mean values for these parame-

462 Annals of Surgery
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ters are only slightly abnormal, however.
Platelet counts do not actually represent
the number of viable platelets 19 and were

not routinely performed on bank blood.
Fibrinolysin levels ranged from 2 to 3+ on

12 units of bank blood examined.
The Effect of Transfusion on Coagula-

tion Factors of Combat Casualties. Fig-
ures 1 and 2 and Table 9 summarize values
for coagulation parameters measured in 57
patients as transfusion progressed during
resuscitation and operation. The platelet
counts of all patients fell profoundly dur-
ing the first four transfusions, regardless of
the state of shock on admission. The mean

platelet count remained about 100,000/mm.3
after the first 6,000 ml. of blood. The ef-
fect of transfusion beyond 20,000 ml. of
bank blood could not be determined since
most such patients subsequently received
several units of fresh ACD blood. Fresh
blood generally increased the circulating
platelet counts (Table 10).
During sequential transfusions fibrinogen

levels in peripheral blood fell slightly (Fig.
1). There was no fall below normal in any

patient.
During sequential transfusions, mean pro-

thrombin times and partial thromboplastin
times became prolonged. The initial four
units of blood appeared to have a greater
dilutional effect on patients who were in
shock. After 16 units of blood, however, the
PT and PTT of both sets of patients were

equally abnormal. But these values did not
exceed mean values obtained for the bank
blood itself.

Figure 2 demonstrates the effect of trans-
fusion on PT and PTT of patients whose
values were normal, shortened, or pro-

longed on admission. In general, multiple
transfusions of all patients resulted in a

similar degree of dilution regardless of the
coagulation parameters on admission. PT
and PTT values which were prolonged on

admission tended to return toward normal
and to stabilize somewhat below the levels
in the bank blood itself. Conversely, PT

1' 200
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FIG. 1. Mean coagulation parameters of combat
casualties during transfusion with stored bank
blood. Patients admitted with a systolic blood pres-
sure of 60 mm. Hg or less, an arterial blood lac-
tate greater than 20 mg./100 ml., or an arterial
blood pH less than 7.3 are designated as patients
admitted in shock. Note that the changes do not
exceed those seen in bank blood.

and PTT values which were normal or hy-
percoagulable on admission showed dilu-
tion to the same level if similar amounts of
blood were given (Fig. 2).
The mean values presented in Figures 1

and 2 present the overall effect of transfu-
sion but cannot depict the range of vari-
ation observed in individual patients. Sev-
eral examples of the interaction between
the coagulation mechanism of specific pa-

tients and large volumes of bank blood are

presented in Figures 3-8.
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TABLE 9. Effect of Transfusion on Development of
Prolonged PT and PTT

% of Patients with
Total No. of Prolonged Values

Units of Patients
Blood Studied* PT >16 PTT >60

0 57 7.0 8.8
4 57 12.2 21.1
8 44 22.7 38.6
12 32 31.2 40.6
16 21 52.3 52.3
20 14 50.0 64.2
24 7 42.9 57.1
28 6 33.3 66.7
32 6 50.0 83.3
36 6 66.7 83.3
40 3 100.0 66.7

* All patients excluded after receiving fresh blood.

Figure 3 illustrates coagulation changes
in a patient during two operations 4 days
apart. At each of these operations a similar
quantity of bank blood was administered.

SHOCK
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This patient sustained a thoracoabdominal
wound with perforation of the right lobe'
of the liver. On admission, his systolic
blood pressure was 80, arterial lactate 5
mg./100 ml. and arterial pH 7.29. Initial
normal coagulation parameters became ab-
normal after 8 units of blood. Twelve units
of blood were given at the first operation,
but immediate reoperation was required to
control continued bleeding from the he-
patic wound. Four days later, gastrointes-
tinal bleeding necessitated pyloroplasty
and vagotomy. The blood pressure, arterial
pH, and lactate remained normal through-
out this second hemorrhage. During this
operation, 14 units of blood were adminis-
tered with no accompanying coagulation
disorders. The findings in this patient sug-
gest that the combination of trauma, hem-
orrhage, and shock may act to exaggerate
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FIG. 2. Effect of trans-
fusion on the mean pro-
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combat casualties. Note
that multiple transfusions
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result in similar defects
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status of these factors in
comb at casualties after
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TABLE 10. Efect of Fresh Blood on Coagulation Defects During Transfusion

Prothrombin Time Partial Thrombo-
(sec.) plastin Time (sec.) Platelets (/mm')

Units Units Pre- Post- Pre- Post- Pre- Post-
Pt. No. Bank Blood Fresh Blood fresh fresh fresh fresh fresh fresh

162 20-25 4 16.9 14.4 76.5 60.0 83,000 186,000
188 36-44 4 21.7 17.9 81.4 17.9 76,000 83,000
195 16-20 2 24.0 14.3 77.7 59.3 76,000 82,000
255 36-46 4 21.9 21.6 78.5 61.0 86,000 192,000
285 44-48 3 17.8 17.5 60.7 70.1 101,000 141,000

dilutional changes which may occur with
rapid transfusion.

Figure 4 illustrates coagulation changes
in a patient who received 57 units of blood
during his course which terminated when
fatal pulmonary edema developed in the
postoperative period. The patient was ad-
mitted in shock with a penetrating missile
wound. During operation he had repeated
episodes of hypotension. The coagulation
changes observed were consistent with
those in patients with similar degrees of
transfusion-dilution of platelets to levels
of 75,000 to 80,000, and elevations of PT
to above 20 seconds, and PTT to more than
80 seconds. These levels were slightly
greater than those found in stored blood.
When the transfusion rate was slowed after

bleeding had been controlled, however,
both the PT and PTT rose to extremely high
values. Possibly, coagulation changes which
might have appeared in a patient with a
comparable degree of shock were masked
or even corrected by the rapid transfusion
of bank blood which contained an adequate
level of coagulation factors. Fresh blood
only temporarily corrected the deficiencies.

Coagulation factors of two patients who
exsanguinated are illustrated in Figures 5
and 6. One (Fig. 5) developed a severe
coagulation abnormality after only 8 units
of blood and suffered a cardiac arrest. The
patient was resuscitated briefly and admin-
istered an ampule of calcium gluconate (1
Gm.). Immediately thereafter his PTT re-
turned rapidly toward normal; however,
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FIG. 3. Effect of trans-
fusion on the coagulation
parameters of patient
number 195. During re-
suscitation after wound-
ing, a dilutional effect of
bank blood on these pa-
rameters is seen. Re-
operation and transfusion
4 days later with similar
volumes of blood did not
result in dilution of the
coagulation factors.
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FIG. 4. Effect of trans-
fusion of the coagulation
parameters of patient
number 188. The dilu-
tional effect of bank
blood is seen after 8
units of blood. Fresh
blood administration re-
sulted in a shift of the
PT and PTT toward nor-
mal. Slowing of the trans-
fusion rate was accom-
panied by severe pro-
longation of PT and PTT
which were unaffected by
subsequent transfusion of
fresh blood. The patient
died in the immediate
postoperative period with
massive pulmonary edema
despite a normal blood
volume and cardiac out-
put.

15

the patient died following a second cardiac
arrest and persistent bleeding. The hemor-
rhage could not be attributed primarily to
the coagulation defect but rather to uncon-

trollable bleeding from the lacerated pul-
monary vessels.
The second patient (Fig. 6) exsanguin-

ated from a gunshot wound that involved
the retroperitoneal plexus after 28 units of
blood. During transfusion only moderate
dilutional changes appeared in his PT and
PTT. Any alterations attributable to shock
were possibly masked by the rapid transfu-
sion rate.

Figures 7 and 8 demonstrate the variable
effect of tranfusions in patients who de-

veloped coagulation abnormalities before
treatment was instituted. As pointed out
above, the mean PT and PTT values gener-
ally tend to return toward normal during
transfusion. In one patient, a 3 unit trans-
fusion produced a prompt return to normal
PTT values (Fig. 7), while in another pa-
tient 8 units were required (Fig. 8). These
results suggest that re-establishment of a

normal circulating blood volume may play
as large a role in the return of coagulation
factors to normal, as does infusion of co-

agulation factors in bank blood.
Effect of Fresh Whole Blood on Co-

agulation Disorders During Transfusion.
Table 10 illustrates the effect of fresh
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20

10

FIG. 5. Effect of trans-
fusion on the coagulation
parameters of patient
number 162. Prolonga-
tion of PTT appeared at
about the time of cardiac
arrest. Calcium infusion
returned the PTT toward
normal within seconds.
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whole blood in patients who have coagula-
tion defects accompanying massive trans-
fusion therapy with stored bank blood. The
fresh blood was transfused into the patient
within 1 hour of withdrawal. Platelet
counts improved somewhat and the PT and
PTT returned toward normal. In patient
#188, however (Fig. 4), when administra-
tion of fresh blood coincided with slowing
of the transfusion rate, the PT and PTT
values rose again soon after transfusion of
fresh blood. Table 11 demonstrates that the
PT and PTT return to normal in the vast
majority of patients within 24 hours even
if fresh blood is not given.

Discussion: Part II
Massive administration of stored bank

blood can adversely affect the coagulation

mechanism in several ways. (1) Incom-
patible transfusion can precipitate dissemi-
nated intravascular coagulation leading to
consumption of coagulation factors.1*7
(2) Citrate intoxication can occur with de-

TABLE 11. Effect of Transfusion Volume on Return
of PT and PTT to Normal after

Transfusion

% Patients Studied
Attaining Normal
Levels in First

24 Hours
No. of Units No. of
Bank Blood Patients PT PTT

4-12 24 100 100
12-24 25 72* 76*
24-40 8 62.5** 75**

* 1 death included who never attained normal levels.
** 2 deaths included who never attained normal levels

400-

200

t 2 t t
4 8 10
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FIG. 6. Effect of trans-
fusion on the coagulation
parameters of patient
number 225, who bled
to death due to uncon-
trolled hemorrhage from
the retroperitoneal space.
The dilutional effect of
bank blood on the PT
and PTT is shown. These
parameters returned to
normal after 4 units of
fresh blood but bleeding
continued.
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pletion of ionic calcium necessary for nor-

mal clotting.25 (3) The thromboplastic sub-
stances which accompany hemolysis and
platelet death during storage may trigger
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disseminated intravascular coagulation in
patients with a stagnant capillary circula-
tion.'3 (4) Thrombocytopenic factors may

be present in normal plasma.3 (5) The
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FIG. 7. Effect of trans-
fusion on the coagulation
parameters of patient
number 255, who was
admitted in severe shock
with prolonged PT and
PTT. The infusion of
bank blood returned the
PTT to normal followed
by a secondary dilutional
effect. Although no sig-
nificant coagulation prob-
lem was present, fresh
blood improved the PTT
and platelet count.
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FiG. 8. Effect of trans-
fusion on the coagulation
parameters of patient
number 151, who was
admitted in severe shock
with prolonged PTT.
Transfusion with bank
blood was not accom-
panied by any change in
PTT until shock was con-
trolled.
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instability of factors V, VIII, and plate-
lets during storage may lead to a signifi-
cant degree of dilution of coagulation pa-

rameters and thus produce hemorrhagic
diatheses.17, 19, 22, 23, 28, 38

In general, recipients of large quantities
of bank blood did not exhibit greater clot-
ting abnormalities than those already pres-

ent in the bank blood. The initial more

rapid dilutional effect seen in patients in
shock is consistent with the fact that these
patients had lost a greater amount of their
own blood. Levels of clotting factors in
patients who already had developed co-

agulation abnormalities prior to transfusion
generally returned toward normal with in-
creasing transfusions, although the rapidity
of the response was variable. The fall in
platelet count was rapid but never fell be-
low 75,000/mm.3 in any patient. In short,
no gross evidence of incompatible transfu-
sion was encountered, hemolysis and the
release of thromboplastic substances into
bank blood did not precipitate detectable
degrees of intravascular coagulation, and
no evidence was obtained for a thrombo-
cytopenic factor in plasma.
The use of fresh blood to counter dilu-

tional effects of bank blood has frequently
been suggested.'12 38 Mean platelet counts
of about 100,000 after 12 units of bank
blood is considered adequate for normal

hemostasis, however Voorhees and Phillips
point out that such levels may be inade-
quate when surgical bleeding has been in-
duced.42 The rather mild dilutional effects
on PT or PTT probably do not represent
a clinically significant deficit. The use of
fresh blood leads to some improvement in
platelet counts, PT, and PTT. A few units
of fresh blood cannot be expected to cor-

rect marked deficits in coagulation, how-
ever, when these are the result of dissemi-
nated intravascular coagulation, fibrinolysin
activation, the release of endogenous anti-
coagulants, or citrate intoxication. In the
patient who had marked coagulation de-
fects after 57 transfusions, fresh blood had
no permanent effect on these changes. The
actual defect observed in this patient re-

sembles the course of disseminated intra-
vascular coagulation during shock and tis-
sue injury.

In a patient who consumes coagulation
factors at a rapid rate, the infusion of clini-
cally tolerated amounts of fresh whole
blood, obviously would have little effect on

coagulation parameters. In fact, the early
rapid administration of bank blood may

mask changes in the patient's own coagu-

lation mechanism, since coagulation dis-
orders become apparent only after the
transfusion rate has slowed.

Fresh ACD blood also would not be ex-
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pected to have beneficial effects in a pa-
tient with citrate intoxication. This patient
developed a prolonged PT and PTT just
prior to cardiac arrest. Following adminis-
tration of calcium ion, the PTT returned
dramatically toward normal before re-

establishment of circulation. It is commonly
stated that citrate intoxication is not a

problem until levels of ionic calcium are

sufficiently low to interfere with cardiac
action.25 The rapid infusion of ACD blood
into patients with deficient detoxifying
mechanisms, which results from stagnant
circulation, could permit the appearance of
citrate intoxication. Prophylactic ionic cal-
cium infusions into patients in shock re-

ceiving large quantities of citrated blood
may be indicated.

Individual differences in dilutional effect
of bank blood probably depend not only
on the variable depletion of coagulation
factors during storage, but also upon in-
trinsic events within the patients. One pa-
tient (Fig. 3) responded to 12 units of
blood differently on two different occa-

sions. A distinct dilutional effect of the
bank blood was seen during transfusion
after a period of hypotension and acidosis
following wounding. Four days later the
dilutional effect was not seen during gastro-
intestinal hemorrhage at which time hypo-
tension and acidosis had been avoided.
No clinical evidence of hemorrhagic di-

atheses appeared in any of these young
men despite large volumes of transfused
blood. The patients who bled to death did
so on a basis of inadequate surgical control.
The pattern of dilution of coagulation fac-
tors due to massive transfusions, and the
deviations from the pattern suggest that
hemorrhagic diatheses result from changes
within the patient in response to trauma
and shock rather than effects of transfusion.

It should be emphasized that these stud-
ies were carried out in patients with trau-
matic wounds who were otherwise healthy
and normal. Dilutional effects of massive
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transfusion and intrinsic effects of trauma
and shock may be exaggerated in elderly
debilitated or cirrhotic patients frequently
seen on a civilian surgical service. Coagu-
lation changes of such patients should be
carefully followed and fresh blood used if
indicated.

Summary: Part II

1. Transfusion of combat casualties is ac-

companied by dilutional coagulation de-
fects compatible with levels of coagulation
factors in stored bank blood. Platelet levels
fell rapidly during transfusion to about
100,000/mm.3 The prothrombin times, par-
tial thromboplastin times, and fibrinogen
levels were less severely affected.

2. Significant operative bleeding was not
encountered in conjunction with these mild
dilutional coagulation changes.

3. The administration of stored bank
blood to casualties who have developed
coagulation defects secondary to shock re-

sults in a partial return of coagulation fac-
tors toward normal. Pre-existing coagula-
tion defects were not aggravated by throm-
boplastic substances in bank blood.

4. Transfusion with stored bank blood
may mask the appearance of endogenous
coagulation disorders which develop in pa-
tients in prolonged shock.

5. The use of fresh whole blood will par-
tially counteract the dilutional effect on co-
agulation parameters but is rarely neces-

sary in young, previously healthy men. In
the presence of coagulation defects associ-
ated with presumed disseminated intra-
vascular coagulation, fresh whole blood
was not associated with any permanent
improvement in coagulation parameters.

Part III. Coagulation Changes in the
Post-resuscitative Period

Alterations of Prothrombin Time and
Partial Thromboplastin Time in the Post-
resuscitative Period. Of the original 240

SIMMONS AND OTHERS
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TABLE 12. Effect of Preoperative Shock, Postoperative Hypoxemia and Postoperative Blood Volume

on Occurrence of Abnormal PT or PTT in the Convalescent Period

Number of Patients with

Preoperative Convalescent Convalescent

Normal Low
No Po2 Po2 Blood Blood

Convalescent Values Shock Shock <80 >80 Volume Volume

Abnormal PT or PIT 31 26 42 10 6 6
Normal PT or PTT 31 46 37 12 9 2

p<0.01 p>0.05 p>0.05

patients, 120 were studied 1-3 times a day
for at least 3 days following admission to
determine the stability of the coagulation
parameters in the immediate post-resuscita-
tive period. Fifty-seven developed abnor-
mal prolongations of prothrombin times
(PT) or partial thromboplastin times
(PTT) or both. The others developed no
prolongations of these parameters, although
occasional patients had shorter than normal
times.
Of 57 patients who developed PT or PTT

abnormalities in the post-resuscitative pe-
riod, 46 had normal values in the immedi-
ate postoperative period. This indicates
that development of abnormalities in these
parameters in the post-resuscitative period
were not continuations of dilutional changes
which appear with transfusion.

Table 12 represents a correlation of the
development of prolonged PT or PTT val-
ues with shock on admission to the hospital
after wounding. It is apparent that the
presence of hypotension, lactatemia, or
acidosis after wounding predisposes to de-
velopment of coagulation abnormalities in
the post-resuscitative period (p < 0.01).
Blood volume determinations were per-

formed on 23 patients in the immediate
postoperative period. Two groups of pa-
tients were found: those who had blood
volume deficits of 15% or less, and those
who had deficits of more than 15%.34 Table
12 shows that undertransfusion is associ-

ated with a greater number of patients who
developed coagulation abnormalities in the
post-resuscitative period, although the rela-
tionship is not statistically significant (p
< 0.02).

Arterial blood gas determinations were
performed daily on most of these patients.
Moderate to severe hypoxemia was com-
mon.8' 33 Arterial oxygen tension less than
80 mm. Hg appeared at the same time as
abnormal prolongation of the PT or PTT in
38 of 53 patients in whom simultaneous
determinations were performed. In these
same patients, however, there were periods
in which hypoxemia did not accompany
prolongation of PT or PTT. Table 12 illus-
trates the relationship between develop-
ment of hypoxemia at some time during the
course, and development of coagulation ab-
normalities. Hypoxemia occurred without
development of coagulation abnormalities
at approximately the same rate as in pa-
tients with coagulation disorders (p > 0.05).
The relationship between hypoxemia and
postoperative PT or PTT abnormalities is
not altered by controlling for the preopera-
tive presence of shock or requirements for
large volumes of blood.
Tables 13 a and b correlate volumes of

transfused blood during resuscitation and
operations with development of prolonged
PT or PTT in the early post-resuscitative
period. There is a significantly increased
chance of developing these abnormalities
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TABLE 13a. Effect of Volume of Blood Required During
Resuscitation on Occurrence of Abnormal PT or PTT

in Convalescent Period
(Patients in S/hock on Admission)

No. Patients Requir-
ing Volume (ml.)

Blood

2000-
Convalescent Values <1500 4500 >5000

Abnormal PT or PTT 3 8 21
Normal PT or PTT 6 7 5

p < 0.05

TABLE 13b. Effect of Transfused Volume on the Occurrence
of Abnormal PT or PTT in the Postoperative Period

(Patients Not in Shock on Admission)

No. Patients Requir-
ing Volume (ml.)

Blood

2000-
Convalescent Values <1500 4500 >5000

Abnormal PT or PTT 15 6 5
Normal PT or PTT 28 14 1

p < 0.10

if large volumes of blood have been re-
quired in patients in shock (p < 0.05). The
trend is similar in patients not in shock on
admission, but the difference is not statisti-
cally significant (p < 0.10).

Table 14 demonstrates that an abnormal
PT or PTT on admission to the hospital
prior to any treatment is almost always fol-
lowed by prolongations of these parameters
in the post-resuscitative period. Since most
of these patients were in shock on admis-
sion, this correlation might be expected.
Table 15 shows that there is no correla-

tion between sites of major wounds and
development of prolonged PT or PTT in
the post-resuscitative period.
Most (41/57) abnormal PT or PTT val-

ues appeared in the first 24 hours following
the resuscitative operation. Table 16 lists
the time of first appearance of these abnor-
malities. There is no tendency for the ab-
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TABLE 14. Effect of Abnormal Pre-Transfusion PT
or PTT on the Occurrence of Abnormal PT or

PTT Convalescent Period

No. Patients with
Pre-Transfusion

Abnormal Normal
PT or PT or

Convalescent Values PTT PTT

Abnormal PT or PTT 9 1
Normal PT or PTT 45 58

p < 0.01

TABLE 15. Effect of Wound Location on the Development
of Prolonged PT or PTT in the

Convalescent Period

No. Patients with

Prolonged ANormal
PTor PTor

Wound Site PTT PTT

Chest 10 18
Thoraco-abdominal 11 13
Abdominal 14 14
Extremities and

Soft tissues 22 18

p > 0.05

normalities to appear earlier in patients
who were in shock on admission or in pa-
tients who received the most blood.

Forty-two of 57 patients developed PT
greater than 16 seconds, and 38 developed
PTT greater than 60 seconds some time fol-
lowing resuscitation. Only 24 patients de-
veloped abnormalities of both parameters,
however, and in only 13 did these abnor-
malities coincide.

After development of the first abnormal
values, the PT or PTT always became nor-
mal for a period of time. Twenty-four pa-
tients subsequently developed further ab-
normalities in PT and/or PTT. Table 17 il-
lustrates the number of separate abnormal
peaks of PT or PTT which appeared in
these patients. Each abnormal peak was
followed at varying intervals by some nor-
mal values. Mean time intervals between
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TABLE 16. J4ffect of Pre-Transfusion Shock and the Volume of Transfused Blood on the

Time of Appearance of Abnormal PT or PTT

No. Patients with
Time of First Ap-

pearance of Preoperative Volume Transfused
Abnormal
PT or PTT 4,000-

Shock No Shock <4,000 ml. 8,000 ml. >8,000 ml.

24 hours or less 20 21 15 15 11
24-48 hours 6 3 4 3 1
More than 48 hours 5 2 4 1 2

p > 0.05 p > 0.05

each peak value and the previous peak are
also listed in this table. At first glance Table
17 suggests a regular recurring abnormality
appeared at approximately 2-day intervals.
Standard deviations of these time intervals
between subsequent peaks are very large,
however, which indicates that no one pat-
tern of peak sequence can be predicted.
Similarly, there is no relationship between
the number of peaks and the degree of
shock on admission, the volume of blood
transfused during resuscitation and opera-
tion, the degree or duration of hypoxemia,
the presence of abnormal coagulation pa-

rameters in the immediate post-wounding
period, or the time of appearance of the
first peak. Apparently, the number of ab-
normal peaks can best be correlated with
the number and significance of serious sur-

gical complications which occurred in the
postoperative period. Table 18 lists nine pa-

tients who developed four or more separate
abnormal PT or PTT peaks in the post-
resuscitative period, the wounding agent,
the site of major wound, and the complica-
tions which coincided with the develop-
ment of the cyclic abnormalities which ap-
peared. Note the wide variety of complica-
tions. In only two patients (#234 and #237)
were these complications not deemed life-
threatening at the time. Two patients ulti-
mately died.
Table 19 lists coagulation studies per-

formed prior to death in these two patients

and in two others dying more than 24 hours
after wounding. All four developed coagu-
lation disorders although in only one were
they severe enough to cause rebleeding in
the immediate pre-terminal phases. Coagu-
lation defects in patients who died in the
first 24 hours after wounding have been
discussed in the preceding sections.
The peak values of PT and PTT in pa-

tients who developed prolonged values in
the postoperative period may be quite high
(PT range 16.1-24 sec; PTT range 61 sec-
infinity). The range of these values far ex-
ceeds the range either in the immediate
post-traumatic period or during resuscita-
tion. No correlation can be made between
the degree of abnormality and the pres-
ence of shock on admission, the volume of
blood transfused, or the presence of PT or
PTT abnormalities on admission.

TABLE 17. Multiple Abnormal PT or PTT Peaks
in Post-resuscitative Period

No.
Separate

PT or PTT No. Patients Time Interval Between
Abnormal Developing Peak and Preceding
Peaks Peaks Peak (mean + S.D.)

1 33 31.0 +- 36.2 hours
2 12 53.6 ±34.8
3 3 54.1 30.2
4 7 51.3 ±30.5
5 1 63.5
6 0 54
7 1 48
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TABLE 18. Course of Patients wtkl More than
Four Abnormal PT or PTT Peaks

Patient
No. Wound* Complications

171 Mfwv abd, extrems Persistent anemia
Pulmonary edema
Necrotizing pneumonia
Death

205 Gsw abd Wound disruption
Intestinal obstruction

228 Gsw chest, abd Disruption ileocolic anastomosis
Gastric ulcer
Cardiac arrest
Intraperitoneal sepsis
Death

232 Mfw chest, extrems Atelectasis and contusion entire
right lung

234 Gsw chest, abd Rebled from hepatic laceration
requiring reoperation

237 Gsw chest, abd Fever, hypoxemia

240 Mfw chest, extrems Atelectasis and contusion entire
left lung

241 Mfw chest Extensive atelectasis and pneu-
monia right middle and lower
lobes

256 Gsw abd Pneumonia
Intestinal obstruction

* Mfw-multiple fragment wounds.
Gsw-gunshot wounds.

Thirteen patients developed PT values
greater than 20 sec. or PTT values greater
than 120 sec. Nine of these are listed either
in Table 18 or Table 19 which include all
deaths occurring after 24 hours, and those
patients who had multiple peaks associated
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with severe complications. Of the remain-
ing four, one peak appeared following de-
velopment of postoperative pulmonary
edema. The other three appeared in the im-
mediate post-resuscitative period. Only one

of these patients had been in shock or had
received more than 4,000 ml. of blood.

Figures 9-11 illustrate the course of
these changes in three patients. Figure 9
depicts coagulation changes in patient
#244 who received multiple fragment
wounds of both lower extremities and re-

quired 1,000 ml. of blood during resuscita-
tion and operation. The mildly hypercoagu-
lable values on admission rose to abnormal
levels on the first postoperative day (PTT
= 65.5) but promptly fell to the normal
range. The PTT oscillated within this range

for the next week and then stabilized be-
tween 40-45 sec. A peak in the PT occurred
on the third postoperative day, and it too
returned to normal with slight cyclic vari-
ations. The variations in each of the pa-

rameters did not precisely parallel each
other.

Figure 10 illustrates coagulation parame-

ters in patient #228, who suffered a gun-

shot wound of the chest and abdomen and
required 4,000 ml. of blood during resusci-
tation and operation. Postoperatively he
developed pulmonary edema with severe

TABLE 19. Coagulation Parameters Prior to Death

Patient Time Prior PT PTT Platelets Fibrinogen
No. to Death (sec.) (sec.) (/mm.,) (mg./100 ml.)

15 hours 14.2 41.0
163 12 hours 14.5 51.2

2 hour 22.1 125.9 81,000 210

70 hours 18.5 60.7 285,000 400
171 45 hours 15.2 51.3 - 410

18 hours 14.5 49.3 122,000 480

24 hours 16.4 72.3 144,000 630
228 18 hours 17.1 68.9 161,000 660

20 minutes 18.6 56.5 165,000

7 hours 20.7 69.9 71,000 240
266 5 hours 21.8 76.3 87,000 240

2 hours 22.0 70.1 44,000 250
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FIG. 9. Post-resuscita-
tive coagulation parame-
ters in patient #244.
Minimal transient defects
were seen in the PT and
PTT, but a cyclic pat-
tern of variation in the
normal range was present
for the first postoperative
week.
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TAxBLE 20. Coagulation Parameters in Patients Reoperated for Bleeding

Patient PT PTT Platelets Fibrinogen
No. Site (sec.) (sec.) (/mm.,) (mg./100 ml.) Lysis

99 Neck internal 11.4 30.5 - 4+
jugular vein
(day 1)

100 Post-tibial artery 15.9 60.1 250 4+
(day 0)

195 Liver wound 17.2 60.0 103,000 280 0
(day 0)

195* Gastric ulcer 13.3 45.1 130,000 420 0
(day 3)

228 Gastric ulcer 15.2 44.8 216,000 3
(day 9)

247 Soft tissue 14.1 43.8 160,000
(day 0)

298 Liver wound 13.1 41.5 149,000 390
(day 0)

* Second bleeding episode.
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FIG. 10. Post-resuscita-
tive coagulation parame-
ters in patient #288.
The patient was admitted
in shock and developed
pulmonary edema 12
hours after operation.
This episode was accom-
panied by abnormal pro-
Iongations of the PT and
PTT which returned to
normal, although the cy-
clic pattern was present.
Disruption of the intes-
tinal anastomosis, GI
bleeding, and cardiac ar-
rest appeared on the 9th
postoperative day. At the
time of bleeding coagu-
lation parameters were
normal, but they became
abnormal in a recurrent
cyclic pattern during the
septic course which fol-
lowed reoperation.

6 7 8 9t 10 I1 12 13 14 15 DAYS

t CARDIAL ARREST DEATH
GI BLEEDING
DISRUPTION ANASTOMOSIS
LAPAROTOMY PERITONITIS

hypoxemia despite normal blood volume
and cardiac output. During the first and
second postoperative days, PTT and PT
were both prolonged but returned to nor-

mal as the pulmonary edema was con-

trolled. Cyclic variation within the normal
was present in both PT and PTT during
this otherwise stable period. On the 8th
postoperative day there was evidence of
both upper gastrointestinal bleeding and
disruption of an ileo-colic anastomosis
which had been performed. Coagulation
parameters were in the normal range at
this time. During operation cardiac arrest
occurred. Postoperatively cyclic oscillations
between normal and abnormal coagulation
parameters recurred and only terminated
with the patient's death due to septicemia

and respiratory insufficiency. Autopsy con-

firmed the presence of severe peritonitis.
Figure 11 illustrates the course of patient

#205, who was wounded by a single high
velocity missile which perforated his ab-
dominal wall. Despite 6,000 ml. of blood
and moderately severe shock, coagulation
parameters remained within normal ranges
for the first few days except for a transient
elevation of PT to 16.9 sec. on the second
postoperative day. On the fifth postopera-
tive day, however, his abdominal wound
disrupted. This was accompanied by severe

prolongation of both the PT and PTT. A
course consisting of cyclic recurrent abnor-
malities then ensued with gradual return
to normal range as intestinal ileus resolved.

Alterations in Fibrinogen, Platelets,
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PROTHROMBIN TIME
(SEC.)

201

10

120

100

FIG. 11. Post-resuscita-
tive coagulation parame-
ters of patient #205.
Despite initial shock and
multiple transfusions the
PT and PTT remained
near normal although
they varied cyclically. At
the time of wound dis-
ruption the coagulation
parameters became ab-
normal and continued a
spiking cyclic course until
the abdominal complica-
tions resolved.

80-

601

401

20

PARTIAL THROMBOPLASTIN
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400

200

PLATELET COUNT

(x 103 /mm3)

t1 2 3 4
ADMISSION

tLAPAROTOMY 11 UL

and Fibrinolysin in the Post-resuscitative
Period. Figure 12 illustrates the change of
fibrinogen values in these patients. The
mean fibrinogen value was consistently
lower in patients who were in shock at
admission, and who developed abnormali-
ties of PT and PTT in the postoperative pe-

riod. Since the general trend was toward
hyperfibrinogenemia with time, these find-
ings suggest that manufacture and release
of fibrinogen was delayed or that fibrinogen
was being consumed.

Similar findings can be shown for plate-
let counts and fibrinolysin values during
the post-resuscitative period (Figs. 13, 14).
All platelet counts remained low for several

5t 6 7 8 49 10 11 12 13 14
DISRUPTION INTESTINAL OBSTRUCTION

I5 DAYS

days after injury; however, platelet counts
were lower in patients who received the
most blood, who developed PT and PTT
abnormalities in the post-resuscitative pe-

riod, and who were in shock immediately
after wounding.

Fibrinolysin titers generally fell in the
first few days after injury and resuscita-
tion, although they remained above normal
(Fig. 14). The titers were significantly
higher (p < 0.05) in patients who devel-
oped abnormally high PT and PTT values
in the postoperative period.

Effect of Postoperative Coagulation
Disorders on Postoperative Hemorrhage.
Table 20 lists clotting parameters of six
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convalescent patients at the time that re-
operation was required for hemorrhagic

30r EFFEC-

FIG. 12. Mean post-
resuscitative fibrinogen
levels in combat casual-
ties: Patients with shock
after wounding and those
developing abnormal PT
and PTT during the post-
resuscitative period are
slower to develop hyper-
fibrinogenemia. The dif-
ferences are not statisti-
cally significant.

episodes. The coagulation defects were
minor in all cases. No other bleeding epi-
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COAGULATION DISORDERS
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EFFECT OF TRANSFUSION VOLUME

X > 4000 ml.
0 ( 4000 ml.

FIG. 13. Mean post-re-
suscitative platelet counts
in combat casualties. Pa-
tients who were in shock
after wounding, and who
received more than 4,000
ml. of blood during re-
suscitation are signifi-
cantly slower (p < 0.05)
in returning platelet
counts to normaL. This
trend is present but not
statistically significant in
patients who have de-
veloped prolongations of
PT or PTT in the post-
resuscitative period.
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FIG. 14. Mean post-
resuscitative fibrinolysin
titers in combat casual-
ties. Patients who de-
velop prolongations of PT
or PTT during this pe-
riod maintain significantly
higher fibrinolysin titers
than those whose PT and
PTT remains within the
normal range (p < 0.05).
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sodes requiring reoperation were encoun-

tered in these 120 patients or in more than
1,000 other patients seen who were not
studied intensively.

Discussion: Part III

Coagulation defects which appear in the
postoperative patient have been studied by
a number of authors and a variety of de-
fects have been described.2 11, 30 Our own

preliminary studies showed a considerable
variation in clotting parameters on daily
specimens. Therefore, blood samples for
coagulation studies were drawn three times
daily on many patients during their first
week of convalescence. A distinct pattern of
response was found. A series of cyclic pro-

longations in PT or PTT or both appeared,
which could be correlated with the severity
of injury and the volume of blood trans-
fused during the resuscitative and opera-

tive periods. These abnormalities almost al-
ways appeared if prolongations in PT or

PTT were found at the time of admission
to the hospital prior to the institution of
treatment. The range of variation within
individual patients was very great, since

each peak was maintained for only a short
period (usually less than 8 hours) and
promptly returned to normal. The abnor-
malities were rarely a continuation of dilu-
tional changes which appeared with rapid
transfusion, since most patients had re-

turned to normal levels prior to developing
secondary prolongations. The frequency and
height of recurrent peaks could only be
correlated with the presence of life-threat-
ening complications but could never be
correlated with the occurrence of hemor-
rhagic complications. Coincidentally, there
were significant depressions of platelet
counts, fibrinogen levels and elevations of
fibrinolysin in these patients, although cy-

clic changes seldom coincided precisely in
any two parameters.

Scott and Crosby 30 studied changes in
platelet counts, prothrombin times, clotting
times, and fibrinogen concentrations in 11
patients convalescing from war wounds. In
general, they found clotting times to be
shorter than normal and platelet counts
and fibrinogen levels to be greater than
normal. Prothrombin activity in these 11
patients was diminished during the first
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few days, returned to normal, and demon-
strated a secondary fall on the fourth day.30
DeTakats also found variations in clotting
times of postoperative patients." These
variations were correlated with the gen-
eralized stress responses and effects of
corticosteroids on the clotting mecha-
nism.1', 11, 36

Attar 2, 3 more recently described cyclic
variations in silicone clotting times in pa-
tients with hemorrhagic and septic shock.
Subsequently, he related the progression of
these cyclic changes to a poor prognosis.'
The findings reported here tend to confirm
Attar's observations. Patients, who sustain
missile wounds with extensive tissue dam-
age and who require many transfusions,
develop a series of coagulation disorders
which reflect not only the extent of the
trauma and blood loss, but also the current
state of well-being. These findings are most
easily interpreted in terms of a series of
episodes of disseminated intravascular co-
agulation in which coagulation factors are
utilized, fibrinolysin activated, and endoge-
nous anticoagulants released.13 31 Loss of
coagulation factors is reflected in diffuse,
though not necessarily severe, abnormali-
ties of screening tests. Such episodes need
not be fatal or be associated with irreversi-
ble shock. They may occur within the mi-
crocirculation of one or more organs which
have sustained periods of relative hypo-
perfusion and which may contain necrotic
tissue. In addition, hemolysis of transfused
blood, wound contamination with release
of endotoxins, and the release of tissue
thromboplastin from necrotic tissue can be
assumed in these patients. All these factors
have been implicated as stimuli for the de-
velopment of disseminated intravascular
coagulation." , 31

That dying patients universally devel-
oped coagulation disorders at some time
during their course, and that patients with
life-threatening complications had the most
episodes of PT and PTT elevations agrees
with Attar's 1 findings that coagulation
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changes were associated with a poor prog-
nosis. These results should not be inter-
preted to suggest that disseminated intra-
vascular coagulation is the terminal mech-
anism, since the most severe coagulation
disorders are seldom present when death
is most imminent. Only one patient had
incoagulable blood immediately prior to
death. This finding was not present an hour
previously when he was in the terminal
stages of pulmonary edema, but occurred
after one cardiac arrest from which he was
temporarily resuscitated.

Summary: Part III
1. Coagulation studies were performed

as often as three times daily on 120 combat
casualties during early convalescence.

2. The prothrombin times and partial
thromboplastin times of almost all patients
were normnal within the first 24 hours after
resuscitative operations. Thereafter, abnor-
malities occurred in either or both parame-
ters in 57 patients. Coagulation abnormali-
ties could be correlated with the presence
of shock on admission to the hospital, trans-
fusion of large quantities of blood, and the
presence of abnormalities in clotting pa-
rameters prior to operation.

3. The degree of prolongation of PT or
PTT was much greater than that seen
either at the time of admission or during
transfusion.

4. In 24 patients a pattern of recurring
PT or PTT prolongations appeared in the
postoperative period with intervening pe-
riods in which these parameters were nor-
mal. The presence of four or more of these
peaks could be correlated with the appear-
ance of life-threatening complications. All
patients who died had abnormalities at
some time prior to death. Bleeding epi-
sodes which required reoperation, how-
ever, were not associated with coagulation
abnormalities.

5. Fibrinogen levels were greater than
normal in almost all patients. This pattern
of recovery was delayed in patients who
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had been in shock on admission, or who
developed prolongations of PT or PTT dur-
ing convalescence.

6. Platelet counts returned to normal
over the first week in almost all patients.
Recovery was delayed in those who had
been in shock on admission, who had re-
ceived large quantities of blood, or who
developed prolongations of PT or PTT dur-
ing convalescence.

7. Fibrinolysin values returned toward
normal but remained elevated in most pa-
tients during the first convalescent week.
The values were significantly higher if pro-
longation of PT and PTT were present
during this period but no correlation could
be made with the degree of shock on
admission.

8. The coincidence of abnormalities of
PT and PTT with thrombocytopenia and
fibrinolysis, and a relative deficiency of
fibrinogen in most seriously wounded pa-
tients is consistent with the idea that non-
lethal episodes of disseminated intravascu-
lar coagulation occur during recovery from
severe trauma and shock.
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